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Abstract 
The overloading of cafeteria wanewater into the drainage system is not a sudnahlepncticc in terms of environmsntal and 
oublic health. Therefore. this rcsearch was conducted with the aim of cvaluatine. the woabilitv of thu microslca Sce~~edesmus 
spin removing nutrients ffom cafeteria wastewater through bioremediatio; The results- deduced that concentration 4 
(1.213~10~celUm~) of microalgae Scenedesmus sp. gavethe highest TOC removal at 73.36%. TN removal achieved 90.78% by 
using concentration 5(1.203x106celUm~) of minoalgae. The low percentage removal was observed for PO+- at concentration 
1(1.235~10~celUm~) at 8 am. and concentration 2 (1.224~10~celUm~) at 4 p.m. with the range of33.09-35.9%. 
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Wastewater fiom cafeteria activities is considered to be the largest source of domestic wastewater in many 
countries. It is compulsory to install the oil and grease trap in cafeteria drainage,however according to Mohamed et 
al.'.' and Wurochekke et aL3the overloading of wastewater commonly occurred due to the high production of 
activitv. 
*Radin ~ a ~ a  SaphiraRadin Moharned. Tel.:019-7549001; No. Fax: 07-4536588 
E-malladdress:rnay@uthrn.edu.rny 
1878-02960 201 5 The Authon. Published hy Elsrvier L1.V 
Peer-review undcr reswnsibilitvoforranizin~comm~nce of Env~ronmental Formsics Kcsearch Centre, Faculty of Environrncntst Studies, 
~niversiti Putra ~al&sia. . 
- - 
Rodin Maya Sophira Mohamdef al. /Procedia Civil andEnvironmenlal(2015) 2 
Wastewater fiom cafeteria activity contains high concentration of organic material such as proteins, carbohydrates 
and lipids, BOD, COD, suspended solids and oil and grease. Y i g  et al.%eported that cafeteria wastewater obtained 
fiom the study of a school in Beijing University contains high of COD (3063 m&), pH (7.5), suspended substance 
(538 m a )  and grease (426 m&). The BOD level of cafeteria wastewater can reach up to 3486 m a  by 
Bazrafshanet al?. Ying et al!also reported that cafeteria wastewater not only increase the load of wastewater 
treatment plants, but deteriorate the water quality. 
According to Singh et aL6algae are important bioremediation agents and are already being used by many 
wastewater facilities. Microalga isa cell 6om alga organisms of aquatic, live in fiesh water and marine 
environments. Microalgae such as Chlorella, Scenedesmus, Phormidium, B o h y o c o c ~ ~ ~ ,  Chlomydomonas and 
Spirulina had been reported in heating wastewater and efficacy of using microalgae in bioremediation is promising 
(Fathi et a l 3  The removal of ammonium and orthophosphate has shown the highest percentage of 99%, whereby 
BOD (53%) and COD (89%) in bioremediation of Industrial wastewater using biological treatment through alga 
cultivation by Al-Rajhia et a1.' and Silambarasan et aL9 applied the Pithophora sp. in d a i i  effluent and has found 
the nuhient levels was decreased during the treatment which were TS (39.82%), TDS (30%), TSS (92.22%), COD 
(61.65%) and BOD (64.67%). Mata et al.l0 has used Scenedesmusobliquus to heat brewery effluent with addition of 
filtration system and found the maximum reduction of 57.7% and 20.8% of COD and TN, respectively alter 14 days 
and TC is 56.9% alter 13 days. 
Based on the previous studies done, the removal of nutrients is possible as it was used as nutrient food for 
microalga consumption. Since the cafeteria wastewater contains high of nuhient, it can be a supplement for the 
microalga growth and consequently could reduce the pollutant load and contamination in the waterways. Hence, the 
present study is aimed at determining the feasibility of using the microalga Scenedesmus spin bioremediation of 
cafeteria wastewater. 
2. Methods 
2.1 Cafeteria Wastewater Sampling and Characterisation 
Wastewater 60m Cafeteria effluent was collected at two different times (8 am. and 4 p.m.) 60m the University 
Cafeteria at 1.8531' N, 103.0864° Eusing the grab sampling technique. Sampling collection and preservation were 
accordance to the APHA". The characteristics of cafeteria wastewater were measured in terms of pH@H 700 
Oakton, USA), Biological Oxygen Demand (B0D)by five-day incubation test and Chemical Oxygen Demand 
(C0D)was analyzed using a closed reflux method, a HACH's USEPA-approved method, total suspended solids 
(TSS) by gravimetric method andturbidity by attenuated radiation method (HACH DR5000). The concentrations of 
total organic carbon (TOC) and total nitrogen (TN) were determined via TOC Analyser; Shiiadm TOC-V 
CHSICSN. All the testings were done using standard procedure of APHA (2005)" in environmental laboratory, 
UTHM. 
2.2 Microalga Scenedesmus sp. Culturing 
Microalga Scendesmus sp. was collected 60m a freshwater source, cultured and incubated in room temperature 
(RT). The used of RT to grow the microalga isrelated to its habitat. The Bolt's Basal Medium (BBM) was prepared 
and 1 mL of trace elements solution (ZnS04.7H20 8.82 a, MnCI2.4H20 1.44 a, Moo3 0.71 a, CuS04.5H20 1.57 
g/l and C O ( N O ~ ) ~ . ~ H ~ O  0.49 a) was mixed in the distilled water and autoclaved at 121°C (15PSI) for 15 minutes). 
The microalga was cultured for8 days prior to the bioremediation process. 
2.3 Lab batch reactor preparations 
Tensets of 170 mL beaker were filled with cafeteria wastewater for culturing different concentrations of 
microalga Scenedesmus sp.Each batch reactor was covered with a white cloth over the month of the beaker and 
placed under direct sunlight for 8 days. Each sample was used to measure the amount of nutrients removal at 0, 2"d, 
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4", 6" and 8" day. Each sample was tested by using Ion Chromatography (brand Dionex ASE 200) to check the 
existence of ~Od-and TOC Analyzer (brand TOC-VCSH, Japan (Shimadzu)] the check the amount of TOC and TN. 
2.4 Culh~re Treatment Design 
Wastewater volume in the reactor was 113 the total volume of reactor. The volume of microalga Scenedesmus sp. 
per volume reactor for concentration 1 was 1 .235~10~ cellsImL , concentration 2 was 1.224 x106 cellslml , 
concentration 3 was 1 .220~10~ cellslml, concentration 4 was 1.213~10~cells/mL , and concentration 5 was 
1 .203~10~ ceUs/mL. 
2.5 Removal effciency of nutrients 
From this study, decrease in PO:; TOC and TN were chosen as nutrient removal !?om wastewater sample. The 
decrease in nutrients was an indicator of the ability of microalga Scenedesmus sp. to remove these compounds as 
reported byprevious researches ~ i e r r o l ~  and ~ar t inez '~ .  
To calculate the removal: 
(CO-C')X 100% = Removal % 
co (1) 
Co represents nutrient concentration at the beginning of the experiment while Ci represents the concentration of 
nutrient on the day the reading wastaken in the hioremediation process as described by Zhenget al.I4. 
3. Results and Analysis 
3.1 Characterisationof cafeteria wastewater 
Table 1 indicates that the cafeteria wastewater fiom both sampling times is high in BOD and COD values and it 
exceeds the standard A and B sets by IWK (BOD 20mgil for standard A and 50 mgil for standard B, COD 50 mg/l 
for standard A and 100 mgll for standard B). The concentration of BOD and COD were 220 mgil to 250 mgil and 
320 mg/l to 360 mg/l, respectively. According to Musa & ~ h m a d "  concentration of COD was influenced by the 
total sugar content of the cafeteria wastewater. This is because different sources of wastewater and activities 
produce different substances and pollutants ( Y i g  et aL4). The pH did not change much in the morning or in the 
evening at 7.25 and 7.30, respectively but TSS readings different significantly at33.3 mgL in the morning and 100 
mgL in the evening suggesting more activities and wastes were being produced later in the day. Chen et 
al.I6reported pH and TSS readings were between 6.82-8.76 and 124-1320 m a .  The increased levels of organic 
carbon in cafeteria wastewater was higher (284 m a )  in the Sample 2 (4 p.m.) compared to Sample 1 (8 a.m.) with 
the concentrations of 284 mgL and 173 m a ,  respectively. Cafeteria Wastewater may contain high levels of 
organic compounds due to more effluent discharge during the closing of the cafeteria operation at the evening. 
Table 1: Characteristic of Cafeferia Wastewater 
Parameter Cafeteria Wastewater Canteen Wastewater IWK 
(md) (Average of triplicate sample) 
Sample 1 Sample 2 Data h m  References Standard Standard 
(8 am.) (4 p.m.) previous study A B 
PH 7.25 7.30 6.82-8.76 Chen et a]., 2000 6-9 5.5-9 
BOD 220 250 545-1630 Chen et al., 2000 20 50 
COD 320 360 900-3250 Chen et al., 2000 50 100 
TSS 33.3 100 124-1320 Chen et al., 2000 50 100 
RI 55.8 21.5 1280 Ji et al., 2013 
PO;' 2.18 2.68 4.3 Ji et al., 2013 
TOC 173 284 - .  
3.2 Nutrient Removal Analysis 
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Total Organic Carbon (TOC), Total Nitrogen (TN) and Orthophosphate (F'0i3) removal were with five different 
concentrations of microalga Scenedesmus sp. which are 1 . 2 3 5 ~ 1 0 ~ ~  1.224~10~, 1.220~10~, 1.213x10~and 
1.203x10~cell per mL. The results are shown in Fig 1 to Fig 6 at optimum time and concentration. 
3.2.1 Total Organic Carbon 
Figs 1 and 2 show the removal offOC by varying concentrations of microalga at different times of the day. The 
results show an increase in removal of TOC at both sampling times with the highest removal was observed for 
Concentration 4 (1.213~10~ ceU/mL), for both 8 a.m. and 4 p.m. sampling i.e. 52.01% and 73.36% respectively on 
the eight days of treatment. This may infer that Scenedesmus sp. uses carbon to producehigh cells massthrough the 
absorption of carbon in the wastewater. This was previously proven by ~ee" ,  who said that carbon is also one of the 
important elements needed for the growth of microalga because it constitutes over 5% in typical algal biomass. 
Furthermore, the exposure of microalga to high sunlight helps in enhancement of photosynthesis thus also aid the 
removal of carbon during the treatment.Meanwhile, the reduction in TOC using microalga Concentration 1 (1.235 
xl~~cell/mL) were about 24% (morning), and 39% (evening) respectively, while for Concentration 5 (1.203 x lo6 
celVmL) is 38.44% (morning) and 66.49% (evening). Therefore, Concentration 5 resulted in significant removal of 
total organic carbon in the cafeteria wastewater. 
Fig 1: Percentage Removal of TOC at 8 a.m and 4 p.m. with microalga p w t h  (day); Fig 2: Removal of TOC at different wncenhation; C1 
(l.235x106); C2 (1.224~106); C3 (1.220x106); C4 (1.213~106); C5 (1.203x106) 
3.2.2 Total Nitrogen 
From Figs 3 and 4, almost all of the samples were indicating high reduction in TN. The highest removal of TN 
was by Concentration 3 (1.220 x 10 ceU/mL), with.84.11% removal; for 8 a.m. sample and Concentration 5 (1.203 x 
10~cel~mL) at 90.78% for 4 p.m. sample.The highest removals were observed on the eighth days of treatment. 
Based on Jiet a1.18, the reduction of TN is due to the extent in reduction of ammonium to form inorganic nitrogen. 
Furthermore, the removal results range fiom 23% to 58% was lower compared to this study. This could be due to the 
good aeration of wastewater during the treatment which contributes to the elimination of TN. 
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Fig 3: Percentage removal of TN at 8 am. and 4 p.m. with microalga growth (day); Fig 4: Removal of TN at different concentration; C1 
(1.235xl06); C2 (1.224x106); C3 (1.220x106); C4 (1.213~106); C5 (1.203x106) 
3.2.3 Orthophosphate 
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The performance of microalga Scenedesmus sp. was also tested for the removal of orthophosphate (PO,-'). The 
results show an increasing pattern of PO," removal and the optimum day of removal showed in Fig 5 and Fig 6. 
The highest removal is by Concentration 1 (1.235~10~ceII.m~) for 8 a.m. samples and Concentration 2 
(1 .224~10~ce l~m~)  for 4 p.m. samples with 35.9% and 33.09% removal respectively. These removal values are less 
than PO,-3 removal reported by Jiet al." at 48% to 69% when they treated wastewater using the same microalga. 
The surplus growth of cells will cause the reduction of the nutrients in the samples because the present of microalga 
in the water increasedthe value of pH and thus might influence DO. 
Fig 5: Percentage ofP0,'at 8 am. and 4 p.m. with microalga growth (day); Fig 6: Removal of  PO,-at different concentration; C1 
(l.23Sx106); C2 (1.224~106); C3 (1.220~106); C4 (1.213~1@); C5 (l.203x106) 
3.3 Environmental Factors 
Growth of microalga is generally intluenced by pH, light intensity, dissolved oxygen (DO) and temperature. DO 
and pH needs to he in a steady rate since its affect microalga activity and temperature maintained at 27°C +1. 
0 2 4 m y 6  8 
-8-(Do) -4pmW0) 
-*-(pH) -4 P= (pH) 
Fig 7: Changes of DO and pH respected to microalgaSEene&sm sp. growth for sampling time at 8 am. and 4 p.m 
The DO and pH are decreased in time as shown in Figure 7. The initial DO at 8 a.m. sampling was between 
12.81 m a  to 8.65 mg/L whereby at 4 p.m was between 13.68 mg/L to 6.78 m a .  At the beginning, high content 
of DO in wastewater helps in the self-purifications but continuously decreased in time due to an increase of bacterial 
activity causing low alga growth (Sengar et al.'?. For pH intensity level was 7.98 to 7.34 at 8 a.m. sampling while 
for 4 p.m. sampling wasbetween 8.35 to 7.94. Lowering of pH was also due to the removal of various salts or 
metallic ions and microbial activity which turn into decomposition of organic matter. DO and pH influence the 
growth of microalga where it is signficantly showed that microalga life was affected by the environmental 
conditions of physical, chemical and biological factors. 
3.4 Summary of highest percentage removal 
Table 2 shows the summary of percentage removal of TOC, TN and PO:' removal fiom Cafeteria wastewater at 
8 a.m. and 4 p.m. samples for five different concentration of microalga Scenedesmus sp. The optimum removal 
mostly dominant by concentration 1 (1.235~10~ cellslml) if compared to other concentration which was this 
concentration conquer PO4-', for both time sampling. Meanwhile, it was also stated that the highest removal on 
parameter TN where 8 am. sampling was 84.1 1% and 4 p.m. was 90.78%. The lowest removal for 8 a.m. sampling 
fall to PO;' (35.9%) and 4 p.m. sampling was 33.09%. Optimum value of removal shows that the Scenedesmus sp. 
really has the specialty character to reduce the nutrient in wastewater same l i e  the others research. This fact is 
fmther heightened by the changes that have been experienced by the DO and pH (Figure 7), both of which showed a 
decline gradually since this microalga Scenedesmus sp. life was effected by the environmental condition. 
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Table 2: Summaw of the hiehest De1centae.e removal of TOC. TN and PO.* 
- .  - 
Nutrients & Highest Removal (%) 
Elements 8 a m  Concenmon 4 p.m Conceneation 
TOC 52.01 C4 73.36 C4 
TN 84.11 C3 90.78 C5 
PO+- 35.90 C1 33.09 C2 
4. Conclusion 
Microalga Scenedesmus sp. has the ability to remove nutrients in cafeteria wastewater. The highest removal 
nutrient for TN was 90.78% by Concentration 5 (1.203~10~celVmL) at wastewater samplmg at 4 p.m. However, the 
low percentage removal was shown for P O P ,  with the removal rate of 35.9% and 33.09% for 8 a.m. and 4 p.m., 
respectively. The percentage removal of TOC was 52.01% and 73.36% at 8 a.m and 4 p.m., respectively occurred at 
Concentration 4 (1.213~10~ cell/mL). These results shown that varying concentrations of microalga gave different 
efficiency of removal rate.Further research is needed to study the mechanism process involved for the adsorption of 
nutrients by microalga Scenedesmus Sp. 
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